Purpose. To compare cup-positioning accuracy in total hip arthroplasty (THA) with or without use of a Kirschner wire as a transverse-axis guide for pelvic alignment. Methods. Records of 18 men and 73 women (mean age, 60 years) who underwent primary THA with (n=49) or without (n=42) use of a Kirschner wire as a transverse-axis guide for pelvic alignment were reviewed. A 2.4-mm Kirschner wire as a transverseaxis guide was inserted to the anterior superior iliac spine and was parallel to a line linking the left and right anterior superior iliac spine. The safe zone for cup positioning was defined as 30º to 50° abduction and 10º to 30º anteversion. Of the 5 operative surgeons, 2 were classified as experienced (total surgical volume >300) and 3 as inexperienced (total surgical volume of <50). The proportion of patients with the cup in the safe zone was compared in patients with or without use of the transverse-axis guide and in experienced and inexperienced surgeons.
acetabular ligament 7, 8 can improve cup-positioning accuracy, but their application is limited. 9 Computerassisted navigation is useful, 10, 11 but it is expensive and not commonly available. Factors associated with cup malpositioning include surgical volume, body mass index (BMI), and surgical approach. 12, 13 It is difficult to accurately position a cup using only conventional guides, because pelvic alignment can change intra-operatively with respect to lateral inclination, rotation, or flexion. [14] [15] [16] An inexpensive and simple guide to enable accurate cup positioning by inexperienced surgeons is needed. This study aimed to compare cup-positioning accuracy in THA with or without use of a Kirschner wire as a transverse-axis guide for pelvic alignment.
Materials and Methods
This study was approved by the ethics committee of our hospital and in accordance with the Helsinki Declaration of 1975. Records of 18 men and 73 women (mean age, 60 years) who underwent primary THA with (n=49) or without (n=42) use of a Kirschner wire as a transverse-axis guide for pelvic alignment between 2010 and 2012 were reviewed.
The patient was placed in the supine position after anaesthesia induction. A 2.4-mm Kirschner wire as a transverse-axis guide was inserted approximately 1 cm posterior to the anterior superior iliac spine along the iliac crest and was parallel to a line linking the left and right anterior superior iliac spine (Fig. 1 ). The patient was then repositioned to the lateral decubitus position. Pelvic anteroposterior radiographs were taken with the patient in the supine and lateral decubitus positions to confirm that the transverseaxis guide was parallel with the inter-teardrop line. When positioning the acetabular cup, the modified mechanical guide was adjusted to be parallel to the transverse-axis guide ( Fig. 1 ). Cementless components were used.
The cup-positioning angle on radiographs was aimed at 40º abduction and 20º anteversion in the supine position. The operative angle selected as a reference for the transverse-axis guide was converted as 37.2º abduction and 25.4º anteversion using a nomogram ( Fig. 2 ). 17 The angles of abduction and anteversion of the acetabular cup were measured by 2 independent orthopaedic surgeons. The safe zone for cup positioning was defined as 30º to 50º abduction and 10º to 30º anteversion. 18 Of the 5 operative surgeons, 2 were classified as experienced (total surgical volume >300) and 3 as inexperienced (total surgical volume of <50). The proportion of patients with the cup in the safe zone was compared in patients with or without use of the transverse-axis guide and in experienced and inexperienced surgeons. Patients with the cup inside or outside the safe zone were compared in terms of body height, weight, BMI, subcutaneous fat thickness, skin incision length, and acetabular cup size. Comparison was made using the Mann-Whitney U test for continuous variables and the Chi-square test or Fisher exact test for the rate of safe zone positioning. A p value of <0.05 was considered statistically significant.
results
Patients with or without use of the transverseaxis guide were comparable in terms of patient characteristics (Table 1) , postoperative median abduction and anteversion in all, experienced, or inexperienced surgeons (Table 2) , as well as the proportion of patients with the cup in the safe zone for abduction, anteversion, and both in all, experienced, or inexperienced surgeons, except that use of the transverse-axis guide by inexperienced surgeons increased the proportion of patients with the cup in the safe zone from 40% to 82.4% (p=0.03, Table 2 ).
Patients with the cup inside or outside the safe zone were comparable in terms of body height, weight, BMI, subcutaneous fat thickness, incision length, and acetabular cup size (Table 3) .
discussion
The cup positioning measured by the external mechanical guide during THA may differ from that of the target radiographic angles. 17 Internal pelvic rotation during THA is reported to be 5º to 31º. 19 Anterior and posterior pelvic tilting during THA in the lateral decubitus position is reported to be 6º to 9º in 25.2% of patients and ≥10º in 16.1% of patients. 20 The difference in acetabular cup positioning between the lateral decubitus and supine positions is reported to be 5.3º±4.5° for vertical tilt and 5.1º±3.7° for anteversion. 21 To ensure accurate cup positioning in THA, the difference in pelvic alignment between the 2 positions should be considered.
Computer-assisted THA is accurate, [22] [23] [24] but it has a steep learning curve and may result in muscle and nerve damage, and technical complications such as procedure termination because of bone motion during cutting that results in registration failure and the need for re-registration. 24 In addition, it is not widely available because of the high cost and longer operating time. It has no functional benefit at midterm follow-up. 25 The use of a transverse-axis guide to indicate intra-operative change in pelvic alignment is costeffective and simple. In our study, the proportion of patients with the cup in the safe zone increased from 40% to 82.2% with use of the transverse-axis guide by inexperienced surgeons. In experienced surgeons, use of the transverse-axis guide improved the accuracy of anteversion but not abduction. The transverse-axis guide enables monitoring of intraoperative pelvic rotation and lateral inclination but not pelvic flexion. Change in pelvic flexion may be the reason for the higher variance in cup anteversion in the lateral decubitus position. To further improve cup-positioning accuracy, measuring change in pelvic flexion is also needed. In elderly patients with severe osteoporosis, the transverse-axis guide may be ineffective because of the difficulty in achieving wire Table 3 Characteristics of patients with the cup inside or outside the safe zone * fixation. In our study, the Kirschner wire became loose in 2 patients operated on by experienced surgeons.
The odds ratio for cup malposition in obese patients has been reported to be 1.35 12 and 1.62. 13 Low surgeon volume is a risk factor for cup malposition, with a 2.0-fold increase in risk in less experienced surgeons. 2, 13 Given that a learning curve is inevitable for inexperienced surgeons, the use of the transverseaxis guide is useful for them.
One limitation of this study was that the transverse-axis guide could not be used to monitor pelvic flexion, and that the guide may become loosened in patients with severe osteoporosis.
conclusion
The use of the transverse-axis guide improved the accuracy of cup positioning by inexperienced surgeons.
